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Coulomb Crystals in an Ion Trap

String crystals (4°Ca™) T T Y TR R
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Ewald integral




Crystalline Structure

string

H-S Theory
0<A<0.709

MD code “CRYSTAL”
0<A<0.7

zigzag

0.709 < 1< 0.964

0.7<A<1.0

1-shell

0.964 < A< 3.10

1.0<A1<3.1

1-shell + string

3.10< A1<858.7

3.1<A<5.7

2-shell

5.7<1<9.5

5.7<1<9.5

2-shell + string

9.5<A1<13

9.5<A1<13

3-shell

13<A<19

3-shell + string

A =19.9

19<A1<26




This frictional force operates along the direction of laser propagation.







Conditions for Beam Crystallization













Tapered cooling is necessary !
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Toward Ultra-cold States of Beams




Lattice requirements
Betatron phase advance
Beam energy

Cooling requirements

3D cooling efficiency
Tapering

Too large
OK




Circumference
Superperiodicity
Ion Species
Kinetic Energy
Transition Gamma

Bending Curvature

22.557 m
6
#Mg*, p
~ 40 keV (Mg), 7 MeV (p)
1.67
1.05 m










3D laser cooling mode

+

Ion Species
35 keV
(2.067, 1.073)

Kinetic Energy
Bare Betatron Tunes
RF Harmonic Number
Axial Length of Solenoid
Laser Saturation Parameter

Minimum Laser Spot Size
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Ideal case
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Conclusions

An MD simulation code (CRYSTAL) is developed to perform systematic
studies of ultra-cold and crystalline ion beams.

To reach a crystalline ground state, we need the following:

1. High-periodicity ring ( low betatron tune per period )
2. Compensation for dispersive heating ( tapered cooling ; dispersion-free bend )
3. Strong 3D cooling ( longitudinal laser cooling + resonant coupling method )

1D (string) and 2D (zigzag) crystalline beams can probably be generated
even if the above three conditions are weakly broken. In contrast, the
production of a large 3D (shell) crystal requires all conditions to be

satisfied rather strictly.

By cleverly combining state-of-the-art accelerator technologies, we can
make an ultra-cold ion beam whose normalized rms emittance should be

less than the order of 107" m or even lower.



